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First Things: Better Forecasts 
2008 Cone 2012 Cone 

2013 Cone 

2015 Cone 



Better Forecasts = Refined Products 
(National Hurricane Center)  



More to the Story…Than Category 



Hurricane Center:  Wind Probabilities 



Hurricane Center:  Storm Surge Inundation 
Arthur, July 2014 



Hurricane Center:  Experimental Storm 
Surge Warning Graphic, for 2015 

 



The Confidence to Help You Make Better 
Decisions – National Level 

• Nat’l Hurricane Center Track Improvements 

Increase Confidence on Location 

• Improved Computing Power, Techniques 

Helped Refine Wind Probabilities 

• Research/Techniques (Physical and Social 

Science) and Computing Power Provide Ability 

to Produce Surge Inundation Graphics and 

Prototype Storm Surge Warning Graphic   



What About for Your Local Decisions? 

• Long Range (3-5 days out):  Hurricane 

Decision Matrix(? – in testing) 

• Mid Range to Event:   

– Hurricane Threats and Impacts (HTI) 

• Event to Recovery: 

– Local Office Updates on Potential 

Hazards 



Hurricane Matrix (72 - 120hrs from landfall) 

Winds Surge Rainfall/ Flooding 
Percentage of the 
Coast  (Disregard 
for this Exercise) 

Low (1) 
Tropical Storm (39-73 

mph) or Category 1 (74-
95 mph) force winds 

Minor coastal flooding 
Minor flooding in low 

lying areas 
25% of the TX Coastline 

Moderate (2) 
Category 2 force winds 

(96-110mph) 
Moderate coastal 

flooding 
Moderate flooding and 

flash flooding 
50% of the TX Coastline 

High (3) 
Category 3 force winds 

(111-129mph) 
Major coastal flooding 

Widespread flooding 
and flash flooding; rivers 

overflow their banks 
75% of the TX Coastline 

Extreme (4) 
Category 4 (130-156 

mph) or 5 (> 157 mph) 
force winds 

Widespread major 
coastal flooding 

Record or near-record 
flooding; several rivers 
overflow their banks 

100% of the TX 
Coastline 



Threat Ranges/Suggested Actions 

10 to 12 

7 to 9 

4 to 6 

1 to 3 
  Set up Contingency for Physical and 

Human Resources 

  Activate Contingency. Ready 

resources for possible deployment (This 
will not cost $$) 

  Move resources into position for 

expected deployment (This will cost $$) 

  Begin deployment (example:  

AirEvac, Bus movement, PUP/Depot 
opening and staffing. (This will cost $$) 



Hurricane Threats and Impacts 

“When hurricane hazards dangerously intersect 
with communities and ecosystems…” 



 
Hurricane Irene (2011) 

 
Hurricane Isaac (2012) 

 
“Hurricane” Sandy (2012) 

“…there are plenty of key decisions to be made and 
a considerable need for decision support.” 



A Story Beyond Category 
• Beginnings  

– 1999: Suggestion for a “Flood Danger Scale” to 

Communicate Inland Flood Impact 

– 1999:  Tampa Bay Media Requested “real world” 

wind impacts 

– Early 2000s:  NWS Melbourne, FL, begins 

graphical hazardous weather outlooks 

 

Former Chief Meteorologist Dick Fletcher 
(WTSP-TV-10) 



Descriptive Impacts Development 

• Tropical Cyclone Wind Impact Word 

Templates Created 

– NWS Tampa Bay with NWS Melbourne (2000) 

– Incorporated into NWS Tropical Product Suite 

(2001/2002) 

– Became “World Famous” When Used Prior to 

Hurricane Katrina’s Landfall (2005) 

• Storm Surge Impacts Added for 2006 

Season 



• The “Statement 
heard ‘round the 
world (Aug. 28, 
2005) 

• Was cited by U.S. 
Congressional and 
Executive Post-
Storm 
Assessments as 
Potentially Life-
Saving 

• Resides in 
Newseum Katrina 
Exhibit (photo 
taken in 2010) 



Impacts…and Science 

• Operationally, Impact Information was 
Deterministic and Text-Only through 2005 

• However, NWS Offices in Miami and 
Melbourne Experimenting with Impact 
Graphics since 20001 

• In 2005, NHC Began Experimental Tropical 
Cyclone Wind Speed Probabilities 

• NWS Miami and Melbourne Began Testing 
Algorithms to Incorporate Forecast 
Uncertainty2 

1 Sharp, D. W., et. al., 2000: Graphically depicting east-central Florida hazardous 
weather forecasts 
2Sharp, D.W., et.al., 2006: Employing tropical cyclone wind probabilities to enhance local 
forecasts and improve guidance for decision-makers 



Threat Graphics - 2005 



2006-2008:  Risk, Threat, and 
Potential Impact 

• National Academies 

report issued, urging 

Weather Enterprise 

to transition from 

pure deterministic 

forecasts to 

probabilistic 

forecasts (2006) 



2006-2008:  Risk, Threat, and 
Potential Impact 

• 2007:  NHC Wind 
speed Probability 
Becomes Official 

• 2008:  NHC Storm 
Surge Probability 
Experimental 

• 2008: Tornado 
Probabilities from 
Storm Prediction 
Center (already 
available since 
2001) 



2008:  Risk, Threat, and Potential Impact   



Hey, Remind Me Again… 

 With tropical cyclones, it’s all about impacts. 

◦ In “decision-assistance” terms, we’re helping people to 

execute their disaster plan according to the potential 

impacts for which they should be making responsible 

preparation. 

 Consider that for a threatened population during an event,       

if you advocate preparations everywhere be made: 

 For the worst of all possible impacts,  you may exhaust valuable 

resources and “cry wolf ” among those who end up being barely hit.  

 For the least of all possible impacts, you may jeopardize the lives and 

safety of those who end up being hardest hit.  

 For the worst of all plausible impacts,  you allow people to 

become more proactive in the readiness process. 

 In short, this speaks to protecting lives and property in realistic 

terms, not in overly-pessimistic or overly-optimistic terms.   

 

 

gHLS - 2011 

Yes 

No 

No 





• This question is relative to community decisions being 
made by emergency managers. 

• But it also includes personal decisions being made by  
public citizens… and business! 

• Actions are according to prescribed Emergency Plans: 
– Based on risk/vulnerability regarding each hurricane hazard  

• High Wind 

• Storm Surge 

• Flooding Rain 

• Tornadoes 

– Enacted in context of the event at hand;                                       
with key decisions supported by NWS 

When a hurricane threatens a coastal 
community, to what extent should  
preparations be undertaken? 



• Examples of Poor Decision-Making: 

– Deciding not to take protective actions for any event 

– Deciding to take protective actions as if every event were                                         
historic and extreme 

– Deciding to take protective actions as if the current                                          
forecast is exactly perfect 

When a hurricane threatens a coastal 
community, to what extent should  
preparations be undertaken? 



• Examples of Poor Decision-Making: 

– Deciding not to take protective actions for any event 

– Deciding to take protective actions as if every event were                                         
historic and extreme 

– Deciding to take protective actions as if the current                                          
forecast is exactly perfect 

When a hurricane threatens a coastal 
community, to what extent should  
preparations be undertaken? 

Communities and Business must be supported 
by information which leads to good decisions 
and proportional actions. 



• Examples of Poor Decision-Making: 

– Deciding not to take protective actions for any event 

– Deciding to take protective actions as if every event were                                         
historic and extreme 

– Deciding to take protective actions as if the current                                          
forecast is exactly perfect 

When a hurricane threatens a coastal 
community, to what extent should  
preparations be undertaken? 

Individuals must also be supported by information which 
leads to good decisions and proportional actions. 



When a hurricane threatens a coastal 
community, to what extent should 
preparations be undertaken? 

• Decisions That Lead to Proportional Actions: 

– Dilemma: 

• Extent to Protect Life/Property   vs.   Extent to 
Expend Time/Resources 

– Solution:  

• Prepare to the extent threatened 

• Implement Emergency Plan accordingly 

 DSS 



When a hurricane threatens a coastal 
community, to what extent should 
preparations be undertaken? 

… a perfect forecast !!! 

DSS 

• The one thing that is most desired by decision-makers is 
the one thing we cannot provide … 

 

 

– There is always some measure of inherent                   
forecast error. 

– Which means that the latest forecast is                     
actually a singular plausible outcome that                     
simply represents our current best effort. 



When a hurricane threatens a coastal 
community, to what extent should 
preparations be undertaken? 

• If a margin of safety is needed, then other plausible 
outcomes must be weighed to account for uncertainty. 

    

DSS 

“You’re going talk about 
probability data now, 
aren’t you?” 



When a hurricane threatens a coastal 
community, to what extent should 
preparations be undertaken? 

• Typical Projection Scenarios: 

– “Most Likely Scenario” - deterministic 

• our best forecast 

• the official forecast  

– “Reasonable, Worst Case Scenario” - probabilistic 

• the plausible, least regret forecast 

• the safety margin forecast 
 

 
    

DSS 
Both are needed, but a reasonable-worst 
case assessment can tell you the extent to 
which preparations should be undertaken. 
 



When a hurricane threatens a coastal 
community, to what extent should 
preparations be undertaken? 

• Typical Projection Scenarios: 

– “Most Likely Scenario” – deterministic 
• best forecast 

• the official forecast  

– “Reasonable, Worst Case Scenario” - probabilistic 

• the plausible, least regret forecast 

• the safety margin forecast 
 

 
    

DSS 



• We are comfortable with conveying our latest forecast. 

• But we still struggle with conveying uncertainty when  
attempting to factor in an appropriate safety margin. 

– Rules of Thumb (subjective; empirical) 

– Error Cone (track errors only) 

 

When a hurricane threatens a coastal 
community, to what extent should 
preparations be undertaken? 

NHC 

WFO 



• We are comfortable with conveying our latest forecast 

• But we still struggle with conveying uncertainty when  
attempting to factor in an appropriate margin of safety 

– Rules of Thumb (subjective; empirical) 

– Error Cone (track errors only) 

– Raw Probabilities (for critical thresholds of wind, surge, etc.) 

 

Storm Surge 

Probabilities (>8 ft) 

When a hurricane threatens a coastal 
community, to what extent should 
preparations be undertaken? 



Forecast:  “Peak Wind Threat” 

Example:  A major hurricane approaching 
southwest Florida at the onset of the warning 
period (~ 36 hours) 

Deterministic-only; zero error Probability included; ~10% exceedance 

Forecast:  “Peak Wind Swath” 

When a hurricane threatens a coastal 
community, to what extent should 
preparations be undertaken? 

Wind Hazard 

Major Hurricane Force (> 96 kt) 

Hurricane Force (64 - 95 kt) 

Strong Tropical Storm Force (50 - 63 kt) 

Tropical Storm Force (34 - 49 kt) 

Less Than Tropical Storm Force (< 34 kt) 

? 

? 
? 

? 



Forecast:  “Peak Wind Threat” 

Example:  A major hurricane approaching 
southwest Florida at the onset of the warning 
period (~ 36 hours) 

Probability included; ~10% exceedance 

Wind Hazard 

Major Hurricane Force (> 96 kt) 

Hurricane Force (64 - 95 kt) 

Strong Tropical Storm Force (50 - 63 kt) 

Tropical Storm Force (34 - 49 kt) 

Less Than Tropical Storm Force (< 34 kt) 

When a hurricane threatens a coastal 
community, to what extent should 
preparations be undertaken? 

The implicit delivery of 
probability information using 
color-coded threat levels based 
on common thresholds depicted 
within graphics  (and grids)  



Forecast:  “Peak Wind Threat” 

When a hurricane threatens a coastal 
community, to what extent should 
preparations be undertaken? 

THREAT 

EXTREME 

 

HIGH 

  

 

MODERATE 

  
 

ELEVATED 

  

 

LITTLE TO NONE 

  

Wind Hazard 

Major Hurricane Force (> 96 kt) 

Hurricane Force (64 - 95 kt) 

Strong Tropical Storm Force (50 - 63 kt) 

Tropical Storm Force (34 - 49 kt) 

Less Than Tropical Storm Force (< 34 kt) 



Forecast:  “Peak Wind Threat” 

When a hurricane threatens a coastal 
community, to what extent should 
preparations be undertaken? 

THREAT POTENTIAL IMPACTS 

EXTREME DEVASTATING TO CATASTROPHIC 

 

HIGH 

  

EXTENSIVE 

 

MODERATE 

  
SIGNIFICANT 

 

ELEVATED 

  

LIMITED 

 

LITTLE TO NONE 

  

LITTLE TO NONE 

Wind Hazard 

Major Hurricane Force (> 96 kt) 

Hurricane Force (64 - 95 kt) 

Strong Tropical Storm Force (50 - 63 kt) 

Tropical Storm Force (34 - 49 kt) 

Less Than Tropical Storm Force (< 34 kt) 



Forecast:  “Peak Wind Threat” 

When a hurricane threatens a coastal 
community, to what extent should 
preparations be undertaken? 

Wind Threat Potential Wind Impacts 
EXTREME 

  

Threat for wind 

greater than 110 mph 

DEVASTATING TO CATASTROPHIC 

To be safe, aggressively prepare for the 

potential of devastating to catastrophic wind 

impacts from major hurricane force wind of 

equivalent Category 3 intensity or higher.   

HIGH 

  

Threat for wind 74-110 mph 

EXTENSIVE 

To be safe, aggressively prepare for the 

potential of extensive wind impacts from 

hurricane force wind of equivalent Category 1 

or 2 intensity.   

MODERATE 

  
Threat for wind 58-73 mph 

SIGNIFICANT 

To be safe, earnestly prepare for the potential 

of significant wind impacts from strong 

tropical storm force wind.   

ELEVATED 

  

Threat for wind 39-57 mph 

LIMITED 

To be safe, prepare for the potential of limited 

wind impacts from tropical storm force wind.   

LITTLE TO NONE 

  

Wind less than 39 mph 

LITTLE TO NONE 

No immediate preparations needed; little to 

no wind impacts. 

Actionable Information: by 
translating/interpreting threat 
information into potential 
impacts information  



Deterministic SLOSH; zero error  Probability included; 10% exceedance 

Forecast: “Peak Surge” Forecast: “Peak Surge Threat” 

Storm Surge & Tide Hazard 

Surge Inundation > 9 ft agl 

Surge Inundation 6 - 9 ft agl 

Surge Inundation 3 - 6 ft agl 

Surge Inundation 1 - 3 ft agl 

Surge Inundation < 1 ft agl 

When a hurricane threatens a coastal 
community, to what extent should 
preparations be undertaken? 

Example:  A major hurricane approaching 
southwest Florida at the onset of the warning 
period  (~ 36 hours) 



Probability included; 10% exceedance 

When a hurricane threatens a coastal 
community, to what extent should 
preparations be undertaken? 

Example:  A major hurricane approaching 
southwest Florida at the onset of the 
warning period  (~ 36 hours) 

The implicit delivery of 
probability information using 
color-coded threat levels 
based on common thresholds 
depicted within graphics  
(and grids)  

Again… 

Forecast: “Peak Surge Threat” 

Storm Surge & Tide Hazard 

Surge Inundation > 9 ft agl 

Surge Inundation 6 - 9 ft agl 

Surge Inundation 3 - 6 ft agl 

Surge Inundation 1 - 3 ft agl 

Surge Inundation < 1 ft agl 



When a hurricane threatens a coastal 
community, to what extent should 
preparations be undertaken? 

Storm Surge Threat Potential Storm Surge Impacts 

EXTREME 

  

Threat for inundation 

 greater than 9 feet above ground 

DEVASTATING TO CATASTROPHIC 

To be safe, aggressively prepare for the 

potential of devastating to catastrophic 

storm surge flooding impacts.   

HIGH 
  

Threat for inundation 

6-9 feet above ground 

EXTENSIVE 

To be safe, aggressively prepare for the 

potential of extensive storm surge flooding 

impacts.     

MODERATE 

  
Threat for inundation 

3-6 feet above ground  

SIGNIFICANT 

To be safe, earnestly prepare for the 

potential of significant storm surge flooding 

impacts.      

ELEVATED 
  

Threat for inundation 

1-3 feet above ground 

LIMITED 

To be safe, prepare for the potential of 

limited storm surge flooding impacts.     

LITTLE TO NONE 
  

Little to no inundation 

LITTLE TO NONE 

No immediate preparations needed. Little to 

no potential storm surge flooding impacts.   

Forecast: “Peak Surge Threat” 

Actionable Information: by 
translating/interpreting threat 
information into potential 
impacts information  



Threat Assessments 

Tornadoes Flooding Rain 

Wind Storm Surge 





Hurricane Threats & Impacts (HTI) 

• The HTI is specifically designed to answer our question: 

– “When a hurricane threatens a coastal community,                                            
to what extent should preparations be undertaken?” 

• The HTI product/service suite helps reduce confusion when 
incorporating uncertainty information for                                
decision-makers: 
– Delivers probability information implicitly 

• rather than explicitly 

– Uses color-coded levels of threat (per hazard) 

• Warm to hot colors 

• Gridded/Graphical information 

– Provides corresponding Potential Impacts Statements 

 



• Provides corresponding potential impacts statements 
• Per level; actionable information; textual 

• Translated/interpreted into every day language 

• Designed with guidance from social scientists 
– Experience; Focus Groups; Surveys; Reports 

– Colors, Labels, Threats vs. Impacts,                                                                  
Bar Charts, etc.  

 

 

Hurricane Threats & Impacts (HTI) 



The Decision-Support Process 

DSS - A Three Step Process 
1. Assess the Threat of each Hazard 

2. Recognize Potential Impacts for Translation/Interpretation 

3. Communicate Unified Forecasts & Coordinated Safety Messages 

Past Ops 

For WFO Hurricane Operations 



Tropical Cyclone Impact Graphics 
(2012 - 2014) 

• On Web Interface for Part of 2015 Season 
– Uniformity  Across the Gulf and Atlantic Coast for Storm Surge 

Potential Impact Inundation Levels 
• “Five feet above ground is the same, whether Texas or South 

Carolina” 

– General Uniformity for Wind… 
• …But Impacts are Typically Higher from North Carolina to New 

England with Similar Wind Speeds (trees, root systems, hilly terrain, 
mixed resiliency infrastructure) 

– GIS (KML) based web pages allows for mosaics  

– http://weather.gov/tcig* 

 

*This will change for 2016 season 

*New prototype “one stop shop” page that includes Hurricane 
Threats and Impacts should be available at some point during 
2015 season  

http://weather.gov/tcig*




Mock-up of Inland Flood Potential Impact,  

Rio Grande Valley, Texas 



Mosaics:  “The Bigger Picture” 

2013 - NWA 

HTI is a good resource for 
state, regional, and 
national scale hurricane 
briefings (i.e. NWS ROCs 
and NOC) using mosaics.   
 
HTI will also be included 
within the NDFD.    



Mosaics:  “The Bigger Picture” 

2013 - NWA 

Wind Threat Potential Wind Impacts 

EXTREME 
 

Threat for wind 

greater than 110 mph 

DEVASTATING TO CATASTROPHIC 

To be safe, aggressively prepare for the 

potential of devastating to catastrophic wind 

impacts from major hurricane force wind of 

equivalent Category 3 intensity or higher. 

HIGH 

  

Threat for wind 74-110 mph 

EXTENSIVE 

To be safe, aggressively prepare for the 

potential of extensive wind impacts from 

hurricane force wind of equivalent Category 

1 or 2 intensity.   

MODERATE 

  
Threat for wind 58-73 mph 

SIGNIFICANT 

To be safe, earnestly prepare for the 

potential of significant wind impacts from 

strong tropical storm force wind.   

ELEVATED 

  

Threat for wind 39-57 mph 

LIMITED 

To be safe, prepare for the potential of 

limited wind impacts from tropical storm 

force wind.   

LITTLE TO NONE 

  

Wind less than 39 mph 

LITTLE TO NONE 

No immediate preparations needed; little to 

no wind impacts. 



Hurricane Omega 

East Central Florida - Hurricane Threats & Impacts 

Prepare for These Potential Conditions: 



Hurricane Omega 

East Central Florida - Hurricane Threats & Impacts 

Prepare for These Potential Impacts: 

Also good for local hurricane 
briefings … with added detail.  

Information Layers Potential 
Impact Statements 

with Local Detail 

For each Hazard; 
For each Level 

By Forecast Area; 
By County/Zone 



Power/Comms 

Hurricane Omega 

East Central Florida - Hurricane Threats & Impacts 

Prepare for These Potential Impacts: 

Also good for local hurricane 
briefings … with added detail.  

Information Layers 

Power/Comms 

Roads/Bridges 

Trees/Signs 

Buildings 

Imperiled Lives 



Hurricane Threats and Impacts Mosaic: 
Isaac (Wind) 

Lake 

Charles 

Area 

NO/Baton Rouge 

Area 

Mobile 

Area 



Hurricane Threats and Impacts   
Mosaic:  Isaac (Inland Flood) 

Lake 

Charles 
Area NO/Baton Rouge 

Area 

Mobile 

Area Tallahassee 

Area 

Tampa Bay 

Area 

Miami 
Area 

Melbourne 

Area 

Jacksonville 

Area 

 



All Hazards Assessments 

Community Distress Index 

Hurricane Frances - All Hazards 
Saint Lucie County, FL 

Tropical Storm Fay - All Hazards 
Lat/Lon  28.12N  80.62W 

Tropical Storm Fay 

19 August 2008 4 September 2004 

Hurricane Frances 





Salient Points About  
Hurricane Threats and Impacts 

• Employs aspects of each step of the Decision Support 

Process. 

 

• Local NWS offices exercise local expertise by downscaling 

and refining National Center forecasts hazard by hazard, 

and by making value-added edits. 

 

• Uncertainty (Confidence) is objectively factored-in without 

angst, yielding responsible depictions of the reasonable, 

worst case scenario. 

 

• Accompanying potential impact statements are 

accessed in layers and will be customized locally.       

 



Salient Points About  
Hurricane Threats and Impacts 

• Serves as a rally point for helping to preserve a 

unified forecast message and springboard for 

proportional public safety messaging.   

 

• Information is available in “kml” and “png” formats, 

with gridded data also available in NDFD. 

 

• Addresses the desired strategic outcomes of Weather-

Ready Nation for greater readiness, responsiveness, 

and resiliency to potential disasters, along with the 

cited goals for improved Decision Support Services 

provided by highly skilled forecasters. 

 



NWS Information During Recovery 

• Information doesn’t stop 

when the hurricane does 

• Levels of access during 

recovery: 

– Corporate Level/Sub-

level emergency 

management 

– Employees 

– Customers 



NWS Information During Recovery 

• Corporate/Sub Level 

Emergency Management 

– Heads Up Emails (also 

employee share) 

– Webinars (also share as 

briefing) 

– NWSChat 

– Web Graphics (all) 

– Social Media (all) 



NWS Information During Recovery 

• “Heads-Up”  E-mails 



NWS Information During Recovery 

• “Heads-Up”  E-mails 

– Provide Plain-

Language Overview of 

Situation 

– Focus on Event, 

Impact, Action 

– Can be Shared with 

Entire Staff(s) 

 



NWS Information During Recovery 

• Webinars 



NWS Information During Recovery 
• Webinars 

– Higher level of 
concern 

– Allows for Thousands 
to listen at once 
(hundreds signed in, 
dozens in conference 
rooms 

 • Can be re-posted as web briefings 

• Examples:  Widespread heavy rainfall 

• Squall lines 

• Extreme heat/humidity 

 



NWS Information During Recovery 

• NWSChat (EM Only) 



NWS Information During Recovery 

• NWSChat 

– Two-way secure communication 

– At highest level of discussion (weather/hazards for life 

safety) 

– Users must be approved by local NWS offices: 

• Emergency Management 

• Other Government (e.g., military, elected officials, staffers) 

• Media 

• Academia 

 



NWS Information During Recovery 
• Weather-at-a-Glance 



NWS Information During Recovery 

• Weather-at-a-Glance 

– Provides Quick Look at 

Potential Hazards 

– Example Shown:  Wind 

Speed and Timing 

– Often Include Potential 

Impact  

• In this case: What might 

40-45 mph wind do to 

your business? 

– Public-Facing…all can see 

and use 

 

 

 



NWS Information During Recovery 
• Social Media 



NWS Information During Recovery 
• Social Media 

– Facebook 

• Two-way conversation 

• Effective prior to and after weather 

event 

• Viral sharing can help spread message 

quickly and explode additional 

conversations 

• Caution:  Only seen by a fraction of 

intended users 

– Twitter 

• “Breaking News” 

• Effective during weather event 

• Seen by all followers… 

• …but must be “scanning” the feed 

 

 

 

 



Contact:  

Barry S. Goldsmith 

barry.goldsmith@noaa.gov 

956-572-1492 

http://weather.gov/rgv  

mailto:barry.goldsmith@noaa.gov
http://weather.gov/rgv

